In floriculture, marketing and product distribution are critical issues for all countries. The production area and selling markets may be very far from each others with long transportation periods. The storage and packaging systems play an important role in preserving quality and reducing costs. The aim of this work was to evaluate the possibility to use vacuum packaging for storage cut Eucalyptus parvifolia Cambage foliage without compromising the ornamental quality. Experiments were performed to compare vacuum packaging system with conventional wet storage (cut branches placed in water). Vacuum packs and cut branches were placed in water and stored at 4°C for 3, 4, 5 or 6 days. After storage the vase life was evaluated at 20°C in a postharvest evaluation room. During the experiments, vase life, relative water content (RWC), chlorophyll content, chlorophyll a fluorescence and ethylene production were determined. Results showed that short time of storage in vacuum packs slightly damaged the leaves of cut eucalyptus with chlorophyll content reduction. Cut eucalyptus conventionally stored, instead, did not show chlorophyll decline. Ethylene production, a marker of stress conditions, increased with prolonged storage. Cut branches, wet or vacuum stored for 3 days, showed the same vase life and similar quality characteristics. This period of time can be sufficient for transportation of this floriculture items and vacuum packaging can be suggested as packaging system for increasing the truck loading capacity. The increase of load per unit of surface during transport gives a significant cost reduction.
INTRODUCTION
Optimal environmental conditions during storage and transportation are extremely important for preserving quality during postharvest handling of ornamental perishables. Floriculture items often have to be transported to long distances before they reach the selling markets with the risk of quality losses. The harvesting procedures usually induce wounds, which may lead to a number of physical and physiological changes that affect the viability and quality of products (Saltveit, 1997) . The storage and packaging systems play an important role in preserving quality of products and reducing transportation costs. Therefore, packaging and storage systems have to be accurately chosen. Storage temperature, is the most important factor, for slowing down the degenerative processes during the postharvest stages. The optimal temperatures for cut flowers and foliage range from 0 to 4°C, with a relative humidity of 90-95% (Côme 1991; Dodge et al., 1998) . Lowering storage temperatures usually increases the preservation period, because plant metabolism is reduced. The vacuum storage is a common practise for preserving vegetables and fruits (Knee and Aggarwal, 2000) . Vacuum cooling is known to extend the life of a wide range of crops. Fresh-cut fruits and vegetables generally are packaged in film bags or containers over wrapped with film, which creates a passive modified atmosphere within the package (Gonzalez-Aguillar et al., 2004) . Modified atmosphere packaging (MAP) or vacuum packaging can extend the shelf-life of many intact and fresh-cut horticultural products (Gorny, 1997; Murcia et al., 2003) . During vacuum storage, gas concentration continuously changes, due to plant tissue respiration (Knee and Aggarwal, 2000) . Visual symptoms of deterioration of fresh-cut produces include loss of turgor (water loss), changes in colour (browning at the cut surface or chlorophyll degradation), and microbial contamination (Varoquaux and Wiley, 1994; Brecht, 1995) . These aspects are also very important for cut flowers and foliage. The transport of cut flowers and foliage is very expensive. Therefore, the utilisation of vacuum packaging the loading capacity can increase without compromising the produce quality. Italy is at first place for cut foliage production and exports mainly in Europe and US (Ferrante et al., 2003b) . The vase life of cut foliage depends on environmental and biological factors (Mensuali-Sodi and Ferrante, 2002) . The aim of this work was to evaluate the application of vacuum packaging for reducing the transportation costs of cut foliage by increasing the loading capacity per unit of volume.
MATERIALS AND METHODS

Plant Material
Cut branches of Eucalyptus parvifolia Cambage were obtained from a commercial production area (Floratoscana, Pescia -PT -Italy) and transported to the postharvest laboratory of the Department of Biologia delle Piante Agrarie in Pisa. Cut branches were selected and trimmed to a length of 50 cm to provide homogenous samples. Experiments were carried out in the postharvest evaluation room under the following environmental condition: 20°C (night and day), 142.6 μmol m -2 s -1 of photosynthetic photons flux density (PPFD), and 12 h photoperiod.
Postharvest Treatments
Cut branches are placed to 4°C in darkness for 24 h prior the experiment started. Experiments were performed in order to evaluate the effect of wet storage and vacuum storage on the vase life of cut branches. Moreover, cut branches (as control sample) were directly placed in the postharvest room in glass bottles containing 400 ml deionised water for evaluating the potential vase life. Cold storage was performed placing cut branches in distilled water at 4°C in darkness. Cold vacuum storage was carried out packaging three cut branches for each bag (vacuum channelled bag 30 cm x 60 cm, Orved, Musile di Piave, VE, Italy) sealed with vacuum packing machines under the same storage conditions. The effect of storage on vase life of cut E. parvifolia branches was determined by taking out samples after 3, 4, 5 and 6 days.
SPAD and Chlorophyll Determination
Three measuring for each leaf were taken with SPAD (Chlorophyll Meter SPAD-502, Konica Minolta Sensing, INC., Japan), six leaves for each storage treatment. The same leaves were used for chlorophyll content determination. Chlorophyll content was determined by extraction with methanol (99%) and samples were kept in darkness at 4°C for 24 h. The absorbance readings were performed at 665.2 and 652.4 nm. Total chlorophyll content was calculated as described by Lichtenthaler (1987) .
RWC Determination
The Relative Water Content (RWC) was measured on samples composed by three leaf discs (ø 10 mm). Initially, the fresh weight (FW) was determined for each sample. The turgid weight (TW) was measured after one-day incubation in darkness at room temperature with water saturated atmosphere. Afterwards dry weight (DW) was determined by placing discs at 75°C.
RWC % = (FW-DW/ TW-DW)*100
Ethylene Determination
Ethylene production was measured by enclosing 10-15 cm long apical portions of branches in airtight containers (250 ml). Two ml gas samples were taken from the headspace of the containers after 1 h incubation at room temperature. The ethylene concentration was measured by a gas chromatograph (HP5890, Hewlett-Packard, Menlo Park, CA) using a flame ionization detector (FID), a stainless steel column (150 x 0,4 cm ø packed with Hysep T), column and detector temperatures of 70° and 350°C, respectively, and nitrogen carrier gas at a flow rate of 30 ml min -1 . Quantification was performed against an external standard and results were expressed on a fresh weight basis (nl h -1 g -1 F.W.)
Fluorescence Measurements
Chlorophyll a fluorescence (expressed in relative units) was measured using a portable Handly Plant Efficiency Analyser (PEA, Hansatech, UK). Leaf fluorescence was determined after illumination with a light intensity of 3000 μmol m -2 s -1 . The fluorescence parameters were calculated automatically: Fv/Fm or (Fm-Fo)/Fm (minimum value of fluorescence: Fo, maximum value of fluorescence: Fm). The chlorophyll a fluorescence was measured on dark adapted leaves, randomly chosen from the samples maintained in the postharvest evaluation room after 20 min incubation.
Vase Life
Vase life was determined by daily observations of cut foliage and was considered terminated at the first signs of wilting of the leaves. Vase life within each storage treatment was considered completed when 50% of branches were wilted.
Statistical Analysis
The data are reported in graphics as media with standard errors. Nine branches were used for each storage treatment: six replicates were used for vase life and for chlorophyll determination and florescence measurements; three or five replicates for ethylene determination in cold and vacuum treatments respectively and eighteen replicates for SPAD determinations. Data of the experiments reported in Figures 1 and 3 were subjected to analysis of two way ANOVA, in both case interaction between methods and times of storage were highly significant; means values of the two conservation methods, within each storage time, were compared by t-test. Data in Figure 4 were subjected to analysis of one-way ANOVA.
RESULTS
The effect of storage treatments was evaluated for one week period with different sampling points.
SPAD Measurements, Chlorophyll Determination and Chlorophyll a Fluorescence
Chlorophyll content was determined with two different methods. Both methods showed that chlorophyll content did not change until 5 days of storage. Statistical differences between the storage treatments were observed after 5 and 6 days of storage (Fig. 1A) . The lowest values were found in cut branches stored under vacuum (Fig. 1B) . Chlorophyll a fluorescence was determined immediately after storage (Fig. 2) . Statistical differences were found in vacuum stored cut branches after 5 days. The value of ratio Fv/Fm ranged from 0.862 to 0.731 (Fig. 2) .
RWC
The RWC slightly varied with storage time: the lowest value was observed for cut branches 4 days vacuum stored (data not shown). However, results (data not shown) demonstrated that evaluation of water content of the cut branches by RWC determination cannot be considered a reliable parameter to define the quality of the branches.
Ethylene Production
Cut branches stored at low temperature conditions, independently from the storage method, showed a significant reduction of the ethylene biosynthesis (Fig. 3A) . Cut E. parvifolia foliage immediately out of the cold room produced very low amount of ethylene. The ethylene production constantly increased from 1 to 3 hours of incubation in postharvest evaluation room (20°C). The peak of ethylene production was reached after 3 hours, then decreased and became stable (data not shown). Ethylene production immediately determined after taking out samples from storage was not statistically different between cold and vacuum for each storage sampling point (Fig. 3B ). An increase of ethylene production was observed in cut branches stored for 5-6 days. The value of ethylene production ranged from 4.09 to 7.10 nl h -1 g -1 F.W.
Vase Life
The vase life of cut foliage vacuum stored declined with the storage time compared with the no-stored control (Fig. 4) or cold stored cut branches (data not shown). The value of vase life days ranged from 12 days (control and cold storage) to 2 days (6 days vacuum stored).
DISCUSSION AND CONCLUSIONS
Floriculture industry must be very competitive and quality must be guaranteed until the end-user. The distribution costs are usually very important considering that the floral market is distributed worldwide. In our experiments, vacuum packaging was compared with conventional wet storage at low temperature. The quality of cut branches was evaluated by chlorophyll determination and SPAD measurements, RWC, ethylene production, chlorophyll a fluorescence measurements and longevity. The vacuum packaging allowed to store the cut branches for 3 days, without visible injury, even if a slight reduction of the vase life was observed. Our results confirm that E. parvifolia is not sensitive to leaf yellowing and senescence symptoms usually appear as necrosis and desiccation spots (Ferrante et al., 2002 (Ferrante et al., , 2003a .
Ethylene production increased with storage time, this result might be attributed to accumulation of 1-aminocyclopropane-1-carboxylic acid (ACC) under storage or foliage senescence (Ferrante et al., 1998) . These results agree with previous wet storage studies performed on cut Eucalyptus storage (Ferrante et al., 2002) . Various plants showed decrease of ethylene evolution during exposure to low temperatures, this physiological response can be attributed to the reduction of the conversion of 1-aminocyclopropane-1-carboxylic acid (ACC) to ethylene (Wang, 1989) .
On the contrary, chlorophyll a fluorescence determination can be an easy, noninvasive, highly sensitive method for a rapid evaluation of health status of leaves (Lazár, 1999 (Lazár, , 2006 . Chlorophyll a fluorescence has been widely used in photosynthesis research. Chlorophyll a fluorescence monitoring has been used to follow the progress of natural flag leaf senescence of field grown wheat or rice plants (Lu et al., 2002; Weng et al., 2005) . The Fv/Fm ratio represents the PSII functional status, which is not always correlated with leaf chlorophyll content (Krause and Weis, 1991; Maxwell and Johnson, 2000) . This ratio is an indicator of stress. Values below 0.83 are generally considered indicative of stressed plants (Maxwell and Johnson, 2000) . A decline in Fv/Fm might be due to an increase in protective non-radiative energy dissipation or to photoinhibitory damage to the PSII reaction centre (Maxwell and Johnson, 2000) . Fv/Fm were able to show differences with increasing storage time in vacuum packed storage method (Fig. 3) , showing an increase of stress of cut branches.
Values of vase life (Fig. 4) had a similar trend of ratio Fv/Fm: the cut branches characterised by lower values showed a shorter vase life (5-6 days vacuum storage). Previous work (Ferrante et al., 2003a) reported that the first symptoms of senescence in cut branches of E. parvifolia were necrosis and desiccation in the apical leaves. In these experiments some cut branches showed the typical senescing symptoms above described but others showed tissue desiccation in all the leaves despite their position on the stem.
The vacuum packaging can be used for storing cut foliage if transportation or storage is limited to three days. In this case, cut branches cold or vacuum stored for 3 days showed the same vase life and similar ornamental characteristics. This period may long enough for the most usual transportation periods. However, the most important advantage of vacuum packaging is the increase of loading capacity per unit of volume of cut foliage, reducing the transportation costs. Values are means ± standard error. Data were subjected to ANOVA one-way. Different letters denote significant differences at P≤0.05.
